Abstract. Explained the mathematics process of optimum design of structures in principle .Introduce the concept and course of ANSYS optimum design. Discuss how to use the optimum function of ANSYS and the watchful proceeding. The algorithm theory of first order method in ANSYS optimization method is analyzed, and the effectiveness of ANSYS optimization results is verified by the optimization analysis of a space truss structure, and it also shows that the optimal design can save the material in the condition of satisfying safety.
Introduction
The optimization design is a new subject in the beginning of 1960s, and it is also a new technology and new design method, which applies the optimal principle and computing technology to the design of the neighborhood, and provides an important scientific design method for engineering design. By using this method, people can find the best design scheme from many design schemes and the efficiency and quality of the design can be improved greatly [1] .
There are two ways to optimize the design: the analytic method, which obtain the minimum value by solving the differential and the extreme value; the numerical method, which obtain the minimum value through the iterative approximation with the help of computer and finite element. The analytic method needs to list the equations and solve the differential equations, so it is difficult to solve the complicated problems and often used in theory. According to the different types of design variables, the optimization method has been optimized by the lower level of size, to the higher level of structural shape optimization, which has now reached a higher level of topology optimization. The algorithm is also improved from simple criterion method, to the mathematical programming method, and then to the genetic algorithm. Now, the long-span structures like gas station roof and airport waiting hall roof structure often adopt the grid structure, the main material of which also use steel structure. There are not many columns in the middle of the grid structure, so it can get a lot of space. All components of grid structure are standardized, which can be directly produced in the factory, so that the component cost is relatively low and the quality is easier to guarantee. Because of these advantages, the grid structure is widely used. Therefore, the optimal design of the grid structure is very practical and necessary.
Basic principle and model of optimal design
The basic principle of the optimization problem is to establish the optimal model, and then select some optimization method to calculation in the condition of satisfying the design requirements [2] . Finally, the extreme value of the objective function is obtained, and the optimal design scheme is obtained.
There are three main elements in structural optimization design: design variables, state variables and objective functions. The general expression of the mathematical model is:
Design variables (ICACHE 2015) Design variables: design variables that need to be continuously adjusted in the design process. Each design variable may have a lower bound, which is used to specify the range of design variables. Common design variables always have the width, the height, and so on.
State variables: the numerical value of the constraint design, which can be a function of the design variables, and can be independent of the design variables. The state variable may have upper and lower limit, and it also may have only a unilateral limit, that is, only the upper or lower limit. Stress can not exceed the allowable stress and deformation can not exceed the specified size and amplitude limit, which usually can be seen as state variables.
Objective function: minimization design of variable parameters, which is should be a function of the design variables, namely, when changing the values of the design variables, the value of the objective function will be changed at the same time.
The principle and procedure of ANSYS optimization design (1) Optimization design principle of AYSYS The basic elements of the optimization design of ANSYS include: design variables, objective function, constraint condition, state variable, design sequence, reasonable and unreasonable design, analysis file, loop, iteration, etc.
The optimization methods provided include: zero order method, first order method and the method of user provided. The zero order method is used to transform the problem into an unconstrained optimization problem by adding penalty function to the objective function, and then to establish the relationship between objective function and design variables by using curve fitting; The First order method is used to transform the problem into a non constrained optimization problem by adding penalty function to the objective function [3] . Then, the partial derivative of the design variable is calculated. The search direction is determined, and the line search method is used to minimize the problem. The search space of the zero order method is large, so it is not easy to get the global optimal solution, and the choice of the starting point has a great impact on the results. The first order method requires the use of the first derivative of the dependent variable; therefore, it is not suitable for the optimization of the objective function of the first order partial derivative. Concrete problems should be analyzed concretely. In this paper, we study the problem by using the first order method to get a better solution.
(2) Optimization design procedure of ANSYS A typical ANSYSY optimization process usually takes the following steps to complete: 1)Description of engineering problems: the nature of the material and geometric conditions, external force, boundary conditions. 2)Parametric modeling: the data (design variables) that are to be involved in the optimization are defined as the model parameters. 3)Solution: loading and solving the structural parametric model. 4)Post-processing: the state variable values (constraints) and objective function values (optimization objective) were extracted from the optimized processor for parameter evaluation; 5)Optimization parameters evaluation: according to the optimized parameters of this cycle and the optimal parameters of the last cycle, we determine whether the objective function of the loop is optimal. If it is the optimal, the completion of the iteration and exit the optimization cycle to the 7) step, otherwise to the next step; 6)Fixed design variable and re-investment the cycle; 7)Get the optimal design variable values and objective function values.The design flow is shown in Fig. 1 : (3) First order optimization method of ANSYS The first order optimization method in the optimization process requires the use of the objective function and state variables for the design variables of partial derivatives, so called first order method [4] . First order method can be used to transform the constrained conditions into a penalty function, and the objective function is divided into two parts: the objective function and penalty function.
As shown in Eq. 1:
(1) In Eq. 1: Q is a non binding objective function
For the optimization of the i step, the optimal search direction    d is introduced, then the next step is to design variable value:
The S j is a linear search parameter, which is the most small step value on the search direction d (j) . It uses the gold partition ratio and the local square fitting technique to determine. Its range can be determined by Eq. 4：
In Eq. 9: e is unit volume. It is 1 at the place of i and 0 at other place.
is the differential step size.
Case analysis
(1) The basic situation of the case As shown in Fig. 2 , the upper plane of the grid structure is composed of 36 nodes spacing 1m and the lower plane is composed of 25 nodes spacing 1m, the distance between the upper and lower plane is 0.7m. The elastic modulus of the grid truss is 2.07e11Pa and the Poisson's ratio is 0.3. In the work, the edge nodes of the grid are fixed, and each node of the lower plane is subjected to the vertical load 10KN. Under the working condition, the maximum vertical displacement of the lower plane nodes is not more than 1cm, and the section stress of each member should be less than the allowable stress 210MPa. In order to make the structure of the whole grid material consumption to the least, the cross section of the rod of the the grid structure shoule be optimized. Therefore, the final optimization results for the cross-sectional area is 112mm 2 and the final volume 2.24E07mm 3 . At this time, the maximum stress and the maximum displacement of the structure both meet the requirements of the condition. The volume reduces by 6.7%, so the cost will be reduced accordingly.
Conclusion
The paper chose the grid structure with extensive engineering significance as the research object and use ANSYS to optimize the parameters of the target. Through the theoretical analysis and the example of the ANSYS optimization, the feasibility of the optimization analysis of ANSYS software is described. Through the iterative calculation, the results which meeting the repuiremtnes of the conditions are the optimal choice comparing to the previous. Therefore, the optimization theory and the corresponding optimization software have certain reference value in practical engineering application.
